FeCl,. 6H20, 0.17; (NH4) ,HP04, 0.5; Bacto Peptone, 5.0; and MS Medium containing (glIooo rril distilled water): K2HP04, 14-0; KH2P04, 6.0; MgS04. 7H20, 0.5 ; (NH4)$04, 2.0. To these, sterile solutions of carbon sources were added to give the required final concentration. When glucose (0.1 %) was used the media are referred to as GPS and GMS respectively.
Cultures were grown in Erlenmeyer flasks containing 20 % or less of the flask volume of medium. The flasks were shaken at 37 "C in an orbital incubator (225 rev.lmin; 32 mm throw) and growth followed by extinction ( E ) readings at 675 nm.
Enzyme assays. P-N-Acetylglucosaminidase was estimated by the method of Woollen,
Heyworth & Walker (196 I) using p-nitrophenyl-2-acetamido-2-deoxyglucose (pNPGNAc). Alternatively, the fluorimetric method of Leaback & Walker (1961) was used with ~-methylumbelliferyl-2-acetamido-2-deoxyglucose as substrate.
Inducers. Micrococcus lysodeikticus walls were prepared by the method of Wadstrom & Hisatsune (1970). Bacillus subtilis B walls were prepared by a similar method except that the starting material was bacteria from late exponential phase GPS cultures and that the organisms were disintegrated by sonication. The wall material was resuspended to a concentration of 5 m g / d in 30 ml of 0.5 M-sodium phosphate buffer, pH 6.5. Lysozyme (Sigma Grade I) was then added to give a final concentration of 0.1 mg/ml and the digest incubated with shaking at 37 "C until no further decrease in extinction occurred. Lower mol. wt. material was extracted by dialysis for 20 h against 200 ml of distilled water and nondiffusable material sterilized by autoclaving at 10 lb for 20 min.
Chitin oligosaccharides. These were prepared as described by Berkeley, Brewer ( 1 972) * was used.
RESULTS
Bacillus subtilis B produced at least three times more enzyme in GPS at the stationary phase than B. subtilis 168, Marburg, 106 Na I, 14 Na 2 and cs and at least twenty times more than one B. cereus and one B. megaterium strain.
Growth of Bacillus subtilis B and production of P-N-acetylglucosaminidase
Bacillus subtilis B grew with a doubling time of about 60 min in GMS medium. No ,8-N-acetylglucosaminidase was detected during the early stages of exponential growth even using the sensitive fluorimetric assay method to detect enzyme, but as growth slowed enzyme appeared and its rate of formation increased rapidly, both in absolute and differential terms, for about 3 h ( Fig. I) .
Bacillus subtilis B initially grew faster in GPS (doubling time = 30 min) than in GMS medium and higher differential rates of enzyme synthesis were reached. Omission of glucose from GPS (PS medium) led to a reduced differential rate of enzyme formation but replacement by either succinate (10 mM) or glycerol (10 m) gave a rate above that found in GPS.
A characteristic two-phase growth curve was obtained in all these media and enzyme formation was always confined to the second period of growth which coincided with the exhaustion of glucose in the GPS medium.
Dry-weight determinations showed that during the transition from rapid to slower growth some bacterial lysis occurred. Enzyme activities in the total culture were assayed, as described in the methods section, on samples withdrawn at the points indicated. The cell bound and extracellular activities were determined as follows: Samples (5 ml) were withdrawn from the cultures and centrifuged at 2000g for 15 min at room temperature. The supernatant was decanted and used for assay of extracellular activity. The bacterial pellets were resuspended to the initial volume in 0.1 M-sodium phosphate buffer, pH 5.9, and activities assayed. Sample points 1-4 in the Table I summarizes the distribution of P-N-acetylglucosaminidase in cultures growing in GPS medium. Although the total amount of enzyme increased rapidly over the experimental period the proportion bound to the bacteria was small and more or less constant. Disruption of the culture by ultrasound increased neither the total amount of the enzyme in the culture nor the amount associated with the bacterial debris. Addition of chloramphenicol to the culture in the course of an experiment of the type shown in Table I immediately stopped enzyme formation. The enzyme seems to be a true extracellular enzyme as defined by Pollock (1962) and its formation is closely coupled to protein synthesis.
The efect of /I-N-acetylglucosarninides on /3-N-acetylglucosarninidase formation
Addition of chitin hydrolysates (0.4 mg/ml culture) or a wall preparation from Bacillus subtilis B (also 0.4 mg/ml) enhanced P-N-acetylglucosaminidase formation during growth in GPS medium (Fig. 2 ) , but neither preparation caused enzyme activity to appear before growth slowed. The only effect was to increase the differential rate of formation in the second period of growth regardless of the time at which they were added to the culture. Chitin hydrolysate enhanced the rate threefold and wall preparation sixfold, but the total amount of enzyme in the control ultimately reached the same level as that in the induced cultures. Lysozyme digests of walls were more active than intact walls and the non-dialysable part of the digests was about 10 times more effective on a dry weight basis than undigested material and this has been routinely used as enzyme inducer in subsequent experiments.
Various chitin oligosaccharides and two synthetic hexosaminides were also tested as inducers under similar conditions. Only the oligosaccharides were effective inducers but to a lesser extent than the cell wall fragments. Once again the effect only occurred after the transition from rapid to slower growth and it seems that autolysis may provide these in cultures to which no exogenous inducer has been added.
The eflect of diflerent C sources on P-N-acetylglucosaminidase formation in the presence of inducer
The effect of modifying the composition of the growth medium on enzyme formation was studied in the presence of the non-dialysable fraction of wall digests (Fig. 3) . As expected from previous experiments (see Fig. 2 ) the presence of inducer enhanced enzyme formation in both instances, but when glucose was present the increase was only slight as compared to that in the succinate medium.
L-Glutamate, citrate, acetate, glycerol and maltose were compared with glucose and succinate for their effect on P-N-acetylglucosaminidase formation. The first three behaved like succinate and permitted linear induction of enzyme formation. Maltose behaved like glycerol and in these two instances the initial rate of induction was not sustained. Glucose and peptone completely supressed enzyme formation during the experimental period. The behaviour of all these molecules was, therefore, consistent with their position in bacterial intermediary metabolism and probably explains our inability to induce early exponential cultures in media containing peptone.
In the absence of repressive compounds, P-N-acetylglucosaminidase can be induced throughout the growth cycle by the addition of lysozyme (0.5 mglml). This addition causes a fall in extinction but after growth was resumed, induced levels of enzyme were formed. Two methods for the regulation of extracellular enzyme synthesis have been proposed so far. In the first, enzyme synthesis is influenced by the concentration of precursors for mRNA synthesis (Coleman, 1967) , while in the second the level of enzyme expression is set by the balance between substrate induction and catabolite repression (Tanaka, Fujita & Hagihira, I 969). The differential rate of P-N-acetylglucosaminidase synthesis in Bacillus subtilis B may be increased either by the addition of exogenous P-N-acetylglucosaminides or by the omission of glucose from the medium, so the synthesis of this enzyme seems to be regulated in this strain by the second of the two methods outlined above. In this respect, therefore, p-N-acetylglucosaminidase is similar to a number of other microbial glycosidases (Hulme & Stranks, 1971 ; Lilly & Bull, 1972) .
The inducing effect of wall digests suggests that the inducer of this enzyme in Bacillus subtilis B has a relatively high mol. wt., and analogous conclusions were reached by Rogers (1945 Rogers ( , 1946 who showed that streptococcal hyaluronidase was induced by hyaluronate, or by the non-diffusable fraction formed from hyaluronate by hyaluronidase action, but not by the products of mild acid hydrolysis. The ability of lysozyme to cause induction of /3-N-acetylglucosaminidase in B. subtilis B suggests that the synthesis of the enzyme may depend on production of inducer by autolysin, but the kinetics of production of the enzyme indicate that it is unlikely that the enzyme has an essential role in all growth and division.
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